Synopsis: Effective pavement management requires the prioritization of the road stretches for logical disbursement of the funds available towards maintenance of the pavement. Several methods have been developed and implemented towards this goal. However, the uncertainty involved with some of the parameters has not been addressed adequately in most of the works. One such parameter has been identified as the severity of distress which is difficult to assess accurately. Hence a Fuzzy Multi Criteria Decision Making (FMCDM) approach has been proposed in this paper. For demonstration of the approach, pavement distresses with respect to their extent and severity have been collected over a number of stretches. In addition, an expert opinion survey has been carried out to quantify the influence of these parameters on the functional condition of the pavement. Priority Index (PI) has been worked out, based on which the ranking of the stretches has been arrived at.
Background
Proper upkeep of the existing pavements is essential in addition to the development of new highway and road links for the economical growth of any country. Inadequate and inappropriate maintenance policies adopted by several countries is resulting in heavy financial loss in the form of ever increasing Road User Costs (RUC) and causes discomfort to the road users. This problem multiplies itself several folds with the increasing road length.
In a developing country like India, the funds being limited for the maintenance of the existing pavement, it is important to utilize the money in the most appropriate manner. A wholesome pavement management approach at both network and project levels will definitely result in optimal solution for road maintenance.
Pavement Management System (PMS) is an ideal tool in this kind of situation and offers a methodical way of upkeeping the road network in its best possible serviceability level. In any PMS, prioritization plays a major role especially when the funds available for road maintenance are limited [Ramadhan et al. (1999) ]. Several researchers have worked in this direction to develop priority ranks for the available network of roads. Hass et al. (1994) , FHWA (1994) and NCHRP (1995) have discussed in detail, different ranking and optimization methods. Reddy & Veeraragavan (2002) have proposed a Priority Index (PI) as a function of Pavement Distress Index (PDI) and prioritization factor for ranking the road network. Chen et al. (1993) and Sharaf (1993) have demonstrated the use of Composite Index (CI) method for prioritization and indicated that this technique has yielded optimal solutions for the case studies considered. However, in these studies, the extent and severity of failures are considered simultaneously in quantifiable terms inspite of the fact that the magnitude of severity of distress has unavoidable uncertainty. Golabi & Pereira (2003) have used optimization process to work out the solutions for prioritization of pavement sections based on road condition, traffic and environmental characteristics. NCHRP (1995), Broten (1996) , Golabi & Pereira (2003) have discussed the applicability of various optimization tools such as Linear Programming, Integer Programming, Markov Decision Analysis, Dynamic Programming etc. for network prioritization. Broten (1996) has indicated that the use of optimization tool alone will not be able to solve the problem in a wholesome manner since these tools tend to achieve the network goals while failing from the point of view of ensuring optimal treatment at a given point of time.
In such uncertain situations, Fuzzy Multi-Criteria Decision Making (FMCDM) approach provides an ideal option and as such it has been tried and tested by number of researchers for raking alternatives for different situations [Bandara & Gunaratne (2001 Bandara & Gunaratne (2001) have used fuzzy approach for prioritization and have included both severity and extent of pavement failure in the overall process. However, fuzzy approach has to be utilized only when uncertainty is predominant. In other words, when particular parameter is quantifiable with fair degree of accuracy, this approach need not be used. It is in this direction that the present work has been carried out with fuzzy logic being applied to only those parameters which are predominantly uncertain in nature.
Most usually, the policies regarding the maintenance of roads are taken with respect to the functional condition of road as it directly affects the RUC. Hence, Different functional distress parameters are collected with respect to both severity and extent of failure. Since it is possible to measure the extent of failure with high accuracy, this parameter has been proposed as a direct parameter in the prioritization process. As such, there is an inbuilt ambiguity while assessing the severity of the distress. Hence the Fuzzy approach has been suggested to assess the severity. The broad objectives of this work are mentioned below.
• To conduct expert opinion survey for assessing the level of influence of selected pavement deterioration parameters on the functional condition of the pavement.
• To collect the different distresses influencing the functional condition of pavement on selected road stretches.
• Prioritizing the road pavement sections using Fuzzy Multi Criteria Decision Making FMCDM approach.
Data Collection
Primary data has been collected through field investigations as well as expert opinion surveys. The opinion of selected experts from all over India has been sought to ascertain the influence of different distress parameters on the functional condition of the pavement. The distresses considered are cracking, potholes, rutting, patching, raveling and edge failure with respect to three severity levels namely low, medium and high. A questionnaire was prepared and sent to selected experts all over India for this purpose. In addition, they were also given photographic cues and clues with a view to reduce the possibility of variability and bias amongst themselves. Further. they were asked to indicate their preferences regarding the influence of severity of various distress parameters in terms of linguistic variables such as Negligible (N), Low (L), Moderate (M), High (H) and Very High (VH) as it would be difficult to express the weights in quantifiable terms. The responses given by a group of 15 experts have been summarized and presented in Table 1 . A team of enumerators have been engaged in collecting the severity and extent of all the failures mentioned in the Expert Opinion Survey proforma. Each 1km length of road was divided into 20 stretches of 50m long. For maintaining uniformity in the data, all the enumerators were trained in the field and also were supplied with photographic cues and clues. Distress parameters such as cracking, potholes, raveling, patching, edge failure were measured in %of total area of pavement stretch and rutting was measured in millimeters. To demonstrate the proposed methodology of prioritization a typical stretch of 1km length has been considered for further consideration. 
A summary of normalization data is presented in Table 2 . Further, these values are being arranged into 10 groups with a uniform interval of 10 and ratings have been given, which is presented in Table 3 . 0  0  0  6  3  0  3  17  84  16  100  67  0  0  0  46  0  0  A 2  0  0  0  3  3  0  38  54  7  56  58  0  0  0  0  37  0  0  A 3  7  0  0  14  0  0  56  34  3  0  13  11  0  73  0  0  0  0  A 4  100  0  0  3  0  0  52  17  0  0  0  0  0  0  0  17  0  0  A 5  8  14  0  7  2  3  58  17  48  0  6 These rating values are being arranged in a matrix form, named as Rating Matrix ( )
with each row representing alternative (A 1 , A 2 ……., A N ) and each column representing criteria. The Rating Matrix has been presented in Table 4 .
Stage 2: The linguistic variables utilized for expressing the severity of different distresses have been expressed as TFNs. TFNs assigned for various linguistic variables are shown in Table 5 . Table 1 are being converted into fuzzy numbers. To normalize differences existing in expert opinion, simple average of fuzzy numbers for all the linguistic variables has been calculated and the corresponding weights are being worked out and presented in the Table 7 . This process is mathematically expressed as follows. Table 8 . 
Based on the PI, all the stretches have been ranked and presented in Table 9 . The prioritization process, as explained in the above stages is quite complex and cumbersome due to a large number of stretches and criterion. Hence, a code has been developed in MATLAB [(www.mathworks.com)] and being used in the present study.
From Table 9 it can be noted that section no. 15 with priority index of 7.35 is to be given the first priority and section no. 17 with priority index of -6.95 is to be given last priority. 
Conclusions
The following conclusions have been drawn from the present work.
• The proposed Fuzzy Multi Criteria Decision Making approach is demonstrated with the data collected from the field and expert opinion and this approach can be extended for prioritization of any given road network.
• The developed software interface is expected to help in establishing the priorities with ease and there is no limitation as far as the number of roads in the given network is concerned.
• The road link which has the highest Priority Index (PI) will be given top priority and vice versa.
• The work can be extended by including more number of variables and the same philosophy can be extended for the additional variables considered.
• A more detailed Distress identification manual including clues and photographic cues, exclusively developed for Indian conditions, will improve the quality of the data as it helps in reducing the variability / bias seen amongst different experts. 
